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Introduction
Surgical debridement is the gold standard in the case of 
surgical site infection of the spine. There are numerous sur-
gical wound debridement techniques, such as debridement 
with scalpel, ultrasound disruption of debris and high-pres-
sure hydro-surgery of the wound surface [10]. Debridement 
procedures may assist healing by removing necrotic or 
infected tissue, and therefore reducing the bacterial load on 
the wound surface [2, 3]. Non-removed infected tissue may 
serve as a source of antibiotic resistance and re-infection, 
and thereby prolong wound healing, possibly causing com-
plications associated with the infection [1, 4, 17, 28].
High-pressure pulsed lavage systems allow a quicker and 
more efficient delivery of irrigant to the wound and have 
a superior dilutional effect which promote greater bacterial 
clearance [5]. Tabor et al. showed that bacterial levels were 
reduced by a mean of 44% (SD 50%) by bulb irrigation and 
70% (SD 10%) by high-pressure pulsed lavage [24]. In a 
study by Hassinger et al., it has been shown that high-pres-
sure pulsed lavage causes deeper penetration of bacteria in 
the soft tissue than low-pressure lavage [13].
It has already been shown that during surgical proce-
dures, aerosols can spread over the operating room and 
contaminate the environment and all persons [19–21]. 
These aerosols, which are possibly contaminated with 
bacterial, fungal or viral agents, can cause infection when 
they come into contact with mucous membranes or small 
wounds or when they are inhaled by healthcare workers and 
the patient during the procedure [8, 9]. At our department, 
high-pressure hydro-surgery (Versajet, Smith & Nephew, 
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Memphis, TN, USA) is commonly performed in cases of 
infection following procedures using a posterior approach 
to the spine. The first aim of this study was to evaluate the 
degree of contamination of the operating room and the sur-
gical staff after high-pressure hydro-surgery debridement 
of the wound surface. The second aim was to investigate 
whether contamination of the operating team and room can 
be reduced by using additional draping devices.
Methods
In the current study, we used a standardised, already 
published test setup to determine aerosol contamination 
of operating team and room [19, 20]. For this purpose, a 
complete surgical setup was installed for a male human 
cadaver. The cadaver was placed prone and draped with 
a sterile surgical drape. A barrier drape was arranged 
at a height of 170 centimetres (cm) in order to separate 
the operating table from the anaesthesiologist’s work-
place at the head of the table. During testing, the surgi-
cal staff (surgeon, assistant, scrub nurse, anaesthesiolo-
gist) wore water-resistant sterile surgical gowns, gloves, 
caps and a disposable surgical sterile helmet (Sterishild, 
Stryker, Mahwah, NJ, USA). A standard posterior mid-
line approach to the thoracic spine was performed. Inci-
sion length was 20 cm. Several parts of the muscles and 
ligaments were preserved on the exposed bony struc-
tures. Surgical debridement was performed with a high-
pressure hydro-surgery device. The remaining parts of 
the muscles and ligaments served as target tissue for 
surgical debridement (Fig.  1). Hydro-surgery debride-
ment is performed with a thin stream of sterile saline 
that is forced under high pressure into an angled, sterile 
and disposable hand piece. The saline stream leaves an 
opening in the tip of the hand piece, and is immediately 
redirected into a suction collector tube. This creates a 
localised Venturi effect that allows the infected tissue to 
be simultaneously grasped, cut and removed [26]. For 
this study, we used a medium power setting (5 out of 10; 
10: maximum power). The standard irrigation system 
of the hydro-surgery device was used, with 5000 milli-
litres (ml) of saline solution for irrigation. An already 
published, standardised test setup for operating room 
contamination was performed [19, 20]. Thus, the irriga-
tion fluid was contaminated with Staphylococcus aureus 
(American Type Culture Collection [ATCC] 6538) 
grown in tryptic soy broth (Merck, Darmstadt, Germany) 
under aerobic conditions at 37 °C for 24 h. An adequate 
concentration of the contaminated irrigation fluid was 
selected to imitate average surgical site infection. The 
final concentration of colony-forming units (CFU) of 
S. aureus in the test solution was determined by colony 
count. Samples were spread out on Columbia blood agar 
(Becton Dickinson, Franklin Lakes, NJ, USA) and incu-
bated at 37 °C for 48 h. The resulting concentration was 
6.4 × 105 CFU/mL staphylococci. For air sampling, 103 
standard Petri dishes with mannitol salt agar (Merck) 
were exposed to the contaminated aerosol. The Petri 
dishes were placed in an operating room (6 × 8  m) at 
a height of 100  cm at regular intervals. The operating 
room was disinfected after each debridement, and a 2-h 
rest period was allowed before the next trial. Disinfection 
was performed according to hygiene guidelines for septic 
surgeries. Then the cadaver was redraped as explained 
above. After debridement, the Petri dishes were covered 
and collected. Standardised surveillance cultures of bod-
ies and faces were taken from the following: surgeon, 
assistant, scrub nurse, anaesthesiologist and from the 
head of the cadaver. Everyone was instructed to remain 
in their usual working area, simulating the normal posi-
tions of the team members during spinal surgery. Move-
ment was allowed only to the extent needed to simu-
late realistic debridement. After incubation of the Petri 
dishes at 37 °C for 48  h, the microorganisms were dif-
ferentiated according to morphologic, physiologic and 
serologic criteria. A commercial test kit (Pastorex Staph 
Plus [Sanofi Pasteur Diagnostics, Chaska, MN, USA]) 
was used to identify S. aureus. For each positive cul-
ture, the position of the Petri dish during the test was 
recorded. After three trials, the wound was covered with 
a sterile disposable surgical tent (Medaxis, Aarau, Swit-
zerland) and another three trials were performed with 
the high-pressure hydro-surgery device. The sterile dis-
posable surgical tent has a transparent window to permit 
inspection of the workflow under the tent and serves as 
an additional protection against contamination (Fig.  2). 
Performance of each of the six trials continued until the Fig. 1  Photo showing debridement with the hydro-surgery device
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irrigation fluid (5000  ml) was exhausted. Debridement 
time per trial was approximately 40 min. Data were pro-
cessed using the Statistical Package for Social Sciences 
(SPSS13 Norusis/SPSS Inc., Chicago, IL, USA). Mean 
CFU values for the two setups were calculated.
Results
For both test setups, we detected environmental contami-
nation throughout the room (6 × 8 m) (Fig. 3). For passive 
air sampling without the disposable surgical tent, all Petri 
dishes in the 6 by 8  m area showed growth of S. aureus 
(range 3 to >100 CFUs per plate). The additional sur-
gical tent reduced the number of CFUs, and some of the 
Petri dishes even showed no bacterial growth. Because 
growth was detected in some of the most remote dishes at 
the room’s periphery, no correlation could be established 
between bacterial growth in the operating room and dis-
tance from the operating field (range 0 to >100 CFU per 
plate). Surveillance cultures taken without additional 
draping showed contamination of the faces and bodies of 
the surgical staff. The surgeon and the surgical assistant 
showed more severe contamination than did other members 
Fig. 2  Photo showing debridement with the hydro-surgery device 
under the disposable draping device (tent)
Fig. 3  Figure showing contamination of the OR and surgical personnel (mean CFU values without (left) and with the surgical tent (right))
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of the surgical team. Surveillance cultures revealed that the 
anaesthesiologist and the cadaver’s head to also be contam-
inated with S. aureus. For body contamination, the addi-
tional draping device produced a lower number of CFUs 
in the surveillance cultures for all persons present during 
surgery. The surgeon and the surgical assistant showed the 
most significant reduction in CFUs.
Discussion
In spinal surgery, the risk of surgical site infection varies 
between 1 and 6% [18]. Effective treatment includes early 
diagnosis, parenteral antibiotics and accurate surgical 
debridement [18]. The hydro-surgery system enables the 
surgeon to precisely control the cutting, debriding and aspi-
ration effects by adjusting the console power settings and 
by angulating the hand piece [26]. In this way, debridement 
can be performed in a more accurate and detailed manner 
with a decrease in surgery time. In the current study, S. 
aureus was chosen as a sample microorganism. It is easy 
to culture and detect as well as to differentiate from other 
bacteria. Contaminating the saline solution from the hydro-
surgery system with S. aureus made it possible to evaluate 
the extension of the aerosol, face and body contamination 
with standard microbiological methods. The standardised 
test setup for spinal aerosol contamination used in the cur-
rent study was already published in 2001 [19, 20]. Nogler 
et  al. showed that the test setup used in the present study 
mirrors the intraoperative situation for infected tissue. The 
measured contamination was not specific to S. aureus and 
would probably be the same for any viral, bacterial or fun-
gal agent. Surgical site infections with S. aureus and viral 
agents like hepatitis B and C and Herpes simplex following 
injuries with sharp and high-speed tools have been reported 
[7, 11, 12, 14, 22]. While the risk of airborne transmis-
sion is lower than for direct contact or injuries, there is still 
some risk of infection for the members of the surgical team 
by inhaling aerosols contaminated with pathogens such as 
Mycobacterium tuberculosis, legionella, hepatitis B, vari-
cella zoster, smallpox, influenza and S. aureus [6, 16, 23, 
27]. In addition, infections can be transmitted to patients by 
healthcare professionals. Such transmission was reported 
by Isenberg et al. [15] for a single-source outbreak of Can-
dida tropicalis. He reported that microorganisms on the 
fingertips and in the nasopharynx of the scrub nurse were 
identified as the source of infection. Other bacterial and 
viral agents can survive on surfaces or instruments in the 
operating room and then be transmitted to medical person-
nel and patients [25].
In the model, a high inoculated solution was used to 
simulate a worst-case scenario of wound infection. The 
used concentration simulated the threshold of possible 
bacterial concentration in the wound. The current study 
evaluated the spread of contaminated aerosols in hydro-
surgery debridement with and without an additional drap-
ing device (surgical tent). Without the surgical tent, the 
hydro-surgery device contaminated all individuals in the 
operating room (OR) and all parts of the OR to some 
extent. Additional protection provided by a surgical tent 
was seen to produce significantly less contamination of 
the operating theatre. The surgeon and the surgical assis-
tant showed the greatest decrease in CFUs on their bod-
ies. However, CFUs were found on every person in the 
OR in all three trials performed with the disposable sur-
gical tent. The detected contamination was probably not 
related to hydro-surgery alone and most likely would be 
the same for other debridement procedures. Limitations 
of the current study are that mechanical properties and 
dynamics of cadaveric soft tissue might be different than 
those for living tissue. However, we used standardised 
published test setups to imitate operating room contami-
nation in cadaveric tissue [19–21]. The findings made in 
the current study were similar to those obtained with sur-
gical tools that produce potentially contaminated aerosols 
during spinal surgery [19, 20]. From our findings we rec-
ommend that during debridement procedures, effective 
body protection should be undertaken for all persons in 
the OR. We also recommend that the number of persons 
in the OR should be kept to a minimum. The personnel 
present in the OR should be well trained in appropri-
ate safety procedures. To reduce the risk of contact with 
contaminated fluid, the surgical staff (surgeon, assistant, 
scrub nurse) should wear water-resistant gowns, surgi-
cal gloves and caps. Faces and eyes should be protected 
with surgical helmets. In addition, the anesthesiologist’s 
and patient’s faces should be at least covered with sur-
gical masks and caps, or surgical helmets as well. Air 
filtration systems may reduce the risk of contamination 
for personnel and patient. We also conclude that patients 
with known infections should be operated at the end of 
the day’s surgical programme, and that the OR including 
all mobile equipments should be effectively disinfected 
after debridement procedures.
In conclusion, the current study demonstrates that 
contaminated aerosols produced during hydro-surgery 
debridement can spread all over the OR, contaminating 
both the animate and the inanimate environment. For 
hydro-surgery debridement, an additional draping device 
should be used to reduce the risk of inoculation with con-
taminated fluids. The direct infection risk for healthcare 
workers might be lower than the risk posed by injuries 
with contaminated tools. Nevertheless, a certain risk 
remains, especially if the contaminated aerosol is inhaled 
or comes into contact with conjunctival or mucous 
membranes.
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